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This study was based on the use of a modified alkaline Oxidative base damage was significantly reduced during single cell gel electrophoresis assay ('Comet' assay) which the carrot juice intervention. These findings support the specifically detects oxidation of pyrimidines in the DNA of hypothesis that carotenoid containing plant products exert human lymphocytes (19). The rationale of such an approach a cancer-protective effect via a decrease in oxidative and is that DNA damage can account for the genetic changes other damage to DNA in humans.
which occur at different stages in the progression of cancer (20). Therefore dietary factors that reduce the impact of attack by electrophilic intermediates of procarcinogens or by free radicals are likely to protect against cancer (21). Our recent Epidemiological evidence suggests that a diet high in fruit and studies using the 'Comet' assay in rats have shown it is a vegetables is associated with a decreased incidence of cancer, useful approach to demonstrate that dietary supplementation cardiovascular disease and maybe of other degenerative or age (lactulose or lactic acid bacteria) can efficiently protect against related diseases (1-3). One mechanism by which these plant the activity of carcinogens (22,23). Now, we have followed foods could have protective effects is by exerting antioxidative up on these studies to test the hypothesis that whole plant activities (4). Next to the huge group of polyphenols, especially products may protect against cancer-related genetic changes tocopherols, ascorbic acid and carotenoids have been associated in the human. with antioxidative properties (5). Many hundred carotenoids
We carried out a human intervention study with 23 healthy have been identified of which~50 have vitamin A activity (6).
male volunteers (non smokers) aged 27-40 (33.8 Ϯ 4.08, In plants they serve the functions of accessory pigments in mean Ϯ SD) to assess the antigenotoxic, antioxidative potencies photosynthesis and photoprotection. The conjugated polyene of three vegetable products. The study was designed to structure of carotenoids allows the molecule to absorb light, assess physiological effects by nutritional components, and to quench and to inactivate singlet oxygen and free radicals (7). not pharmacological effects by single dietary supplements. In humans, the antioxidative function of carotenoids has Therefore it was our intention to study the consequences of especially been investigated for the example of β-carotene and nutrients under nutritional conditions (alternating vegetable smoking related cancers. However, in the two large scale trials intake). The juices from tomatoes, carrots as well as spinach which have recently been completed, supplementation with powder were chosen on account of their respective contents capsules containing β-carotene (20 or 30 mg/day) with or of lycopene, α-or β-carotene and lutein. The juices were without vitamins E or A resulted in an increased risk for lung commercially canned varieties subjected to ultra-high temcancer in smokers (8,9). These findings are in contrast to the perature (Schoenberger, Magstadt, Germany). The spinach numerous studies indicating an association between deficiency of these compounds or other vitamins, low fruit and vegetable powder was obtained from washed and dried material (Völpel GmbH, Königmoos, Germany). After a 2 week depletion period, the vegetable products were given with lunch consecutively for a 2 week period each. The daily intake was 330 ml tomato juice with 40 mg lycopene (weeks 3 and 4), 330 ml carrot juice with 22.3 mg β-carotene and 15.7 mg α-carotene (weeks 5 and 6), and 10 g dried spinach powder with 11.3 mg lutein, dissolved in water or milk (weeks 7 and 8). Blood was collected weekly from subjects before breakfast. Parameters of genetic change were determined in peripheral lymphocytes, isolated by gradient centrifugation (Histopaque 1077). We report here on the substantial protective effect of the three products on genetic damage in peripheral lymphocytes detected as decreased DNA strand breaks and reduced levels of oxidized DNA damage. DNA damage was measured with the single cell microgel electrophoresis assay, also known as the 'Comet' test (24) . Here we used our usual protocol of the comet assay and to sampling time 1; two sided, paired Student's t-test, P Ͻ0.05.
additionally the modification with endonuclease III, to detect levels of oxidized pyrimidine bases (18, 27) . Also, we monitored the resistance of the cells to external oxidative stress which can be monitored by treating them with hydrogen peroxide the damage due to oxidized DNA bases (values of slides with endonuclease III minus values from corresponding NaCl-(H 2 O 2 ). 20 µl of a lymphocyte suspension (2ϫ10 5 cells) were distributed with 75 µl low melting point agarose on microscope control slides). We used the NaCl slides instead of a set of slides with endonuclease buffer as controls, which may mean slides and after 10 min covered with another layer of agarose. Three slides from each donor were placed on ice cold racks, that the levels of oxidized DNA bases may be slightly overestimated. In the worst case the overestimation may be treated with 50 µl physiological NaCl for 5 min, washed with lysis solution (100 mM Na 2 EDTA, 1%Triton X 100, 2.5 M 1-2% (difference between 'TI', NaCl and 'TI', endonuclease buffer), as we have observed with much more sensitive primary NaCl, 1% lauroyl sarcosin sodium salt, 10 mM TRIS, 10% DMSO) and then placed into a lysis bath for 2 h together with human colon cells. Figure 1 shows the results of the NaCl-control slides which three 150 µM H 2 O 2 -treated slides. Three further slides were placed into the lysis solution for 1 h, washed 3 times with reflect the levels of endogenous DNA strand breaks during the 8 weeks of intervention. Before the beginning of the experiment endonuclease buffer (40 mM HEPES-KOH, 0.1 M KCl, 0.5 mM EDTA, 0.2 mg/ml bovine serum albumin fraction V, and during the first two weeks of depletion (samples 1-3) the levels of DNA damage were significantly higher than during pH 8) and then incubated with endonuclease III in buffer (1 µg/ml) sealed with a cover slip for 45 min at 37°C. intervention with the vegetable products. In other words, the many compounds of tomato and carrot juice including lycoSubsequently, all nine slides of one donor were placed into an electrophoresis chamber containing alkaline buffer (1 mM pene, β-carotene, α-carotene and others are efficiently antigenotoxic in vivo in humans. For spinach, the effects are not Na 2 EDTA, 300 mM NaOH) for DNA unwinding. After 20 min, the current was switched on and electrophoresis carried out at as strong, since the first week of intervention with this vegetable did not significantly reduce the levels of strand breaks. 25 V, 300 mA for 40 min. This relatively long electrophoresis time was chosen to increase the basal levels of detectable
The carrot juice intervention also caused marked effects in reducing oxidized pyrimidine bases of the DNA. In contrast, DNA damage in the NaCl-control slides. The slides were removed from the alkaline buffer, placed on a tray and washed dietary intervention with tomato juice or spinach did not reduce endogenous oxidative damage (Figure 2 ). three times, 5 min with neutralisation buffer (0.4 mM Tris, pH 7.5). Subsequently the slides were stained with 100 µl Finally, our results do not indicate that lymphocytes acquire a resistance against oxidative damage following consumption ethidium bromide solution (20 µg/ml). All steps beginning with the isolated lymphocytes were conducted under red light.
of vegetables. For this potential effect, the evaluation parameter '% comets' is probably more discriminatory than the parameter Thus for each donor and week, triplicate values for DNA strand breaks (NaCl-control slides), oxidative DNA damage of 'tail intensity', since the response of lymphocytes to H 2 O 2 challenge is heterogenous and results in a mixed population (slides treated with endonuclease III), and sensitivity of cells against oxidative stress (H 2 O 2 -treated slides) were available of images with comet and non-comet like structures (26) . When subtracting the values of '% comets' (TI Ͼ6%, classes for evaluation. Data were generated for at least 21 of the total participating 23 subjects each week, and missing values (weeks 1-4) for control slides from those treated with H 2 O 2 , no differences were seen (results not shown). 1, 2, and 4) were due to the participant missing the vein puncture or to a technical failure. Evaluation was performed In summary, all three products seem capable of suppressing strand breaks. A decrease in base oxidation (a specific indicator by microscopical analysis. Using the imaging software of Perceptive Instruments (Halstead, UK), 50 images were evaluof oxidative damage) is seen only during the carrot juice weeks, which suggests a particular efficiency of α-and ated per slide and the percentage of fluorescence in the tail (TI, 'tail-intensity') was scored. The 'net tail intensity' indicates β-carotene at quenching free radicals in vivo. The design of
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